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MTIOITAL ADVISORY COMMUTES TOE AEROFAUTICS 

AP?A:'ircF; resiricted report 

THE SPEECT OF FEOFELLER OPERATION OH THE AIE FLOW 
IIT THE REGIOK OF THE TAIL PLANE FOR A 
TWHT-ElTaTUE TP.ACTOR MONOPLAiTE 
By Harold H, Swebsrg 

SUMMARY 

Extensive air-flow surveys have been raado in the re- 
gion of tl-xc tail plane of a typical twin-engine tractor 
monoplane ffiodel with tail surfaces removed. The work was 
done in the NACA fxill-acale wind tunnel. The surveyo were 
made witn propcllors removed and operating and for hoth 
cases included the conditions for flaps retracted and 
flaps aefloctod 50 a discussion of the slipstream dio- 
tortion and the general slipstream effects is given to- 
gether with tables and charts of the average dowmash 
angles and the average dynamic pressures at the hinge 
line of the horizontal tail surface, 

lithin the ooundaries of the slipstream, the average 
dynamic pressure measured across the horizontal-tail span 
changed rapidly ,7ith the vertical location of the tril 
plane, hut the average dbwniTash an^le did not varv greatly 
with this location. VTith flaps retracted, the dolvnv/ash 
henind the upgoing propeller blades was decreased; whereas 
the downwash behind the downgoing propeller blades was in- 
creased. At noriTial locations of the hori^ontrl tail sur- 
face, the cmnge of dowuwash angle caused by the sliiDstream 
rotation was reversed when the flaps ■;7ere deflected/ 



IKTRODUCTIOIT 



The effects of the propeller slipstream on the stabil- 
ity cnaract eristics of en airplane arc conveniently con-« 
eiaered in three parts; 
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(1) The chenge in lift and pitcliing moment at the -ring 

(2) The Increase in dynamic j^rescnro at the tail 
(S) The change in downvmsh anvgie at the tail 



For the change in wing lift, the 
reference 1 appear to give result 
vjith experimental datac With fla 
of pitching moment due to the pas 
over the wing is usually small an 
flaps deflected, the change of pi 
considorahle and may "be estima 
the airfoil section charact er i st i 
locity over the part of the ^;ing 
jvTo generally satisfactory meth'^-ds 
dieting the change in air flow at 
prohlem has received considera dI e 
ani 4) , 



s em 7.. empirical methods of 
s in fairly good agreement 
ps retracted, the change 
sage of the slipstream 
d may be neglected. With 
tching moment at the wing 
ted from a knowledge of 
cs and the increased ve- 
immersed in the slipstream, 
exist, however, for pre- 
the bail: although the 
s'G-i.idy (references 2, 3, 



In order tc obtain some syv^tematic data relative to 
the effects of propeller operation on the n ir flow at the 
tail, extensive tests of a twin-engine tractor monoplane 
model have been made in the IIAOA full-scale wind tunnel* 
The tests included both force measurements and air-flow 
surveys, of which only the air-flow surveys are presented 
in the present paper c 



The tests are part of an 
ducted by the IIACA full-scale 



investigation being con- 
v^ind tiannel to determine 



the effects of propeller slipstream on the stability char- 
acteristics of various types of aircraft. Some investiga- 
tions of single-engine operation have been reported in 
references 4 and 5. 
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lift CO ef f ic lent 
effect ive thru-^t 

propeller d iamet er 
density of air 



, thrast coefficient 
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Vq free-stream velocity 

drag vith propellers removed 
J Dp resultant drag v/ith propellers operating 



V local velocity 

0.0 free^- stream dynamic pressure { LqYq) 

/ / 
q. local dynamic pressure! .-^-pV ' i 

q/ ratio of local dynamic pressure at tail to free- 
stream dynamic x/rebsure 

1 ^/^Qi average dynamic-pressure ratio across elevator 
\ / czV hin.:^e line as found from air-flo^/^' surveys 

€ local doV'7nv;asn angle at tail measured relative to 

f r o e- s t r e a ra direction 

^av S-^'-^'-'-g^ do^rrnwash anj^:le across elevator hinge line as 
fo^ind from air -flow surveys 

OCj angle of attack of thrust axis, degrees 

S wing area 

n propeller rotation speed 

d lateral distance between center lines of propeller 
shafts 

"b^ span of horizontal tail surface 

£ distance of elevator hinge line, measured normal to 
relative wind, from wake center line 

b downward displacement, measured normal to free-stream 

direction, of center line of wake and trailing vortex 
sheet from its origin nt tr^^iling edge of wing 
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DESCEIFTIOIT 05' MODEL AXD TESTS 



The SACA fiill- scale T7ind tunnel is described in ref- 
erence 6 and the methods l\y Thic^ the data -^yere corrected 
for j et- "boundary' and "blocking effects are discnssed in 
references 7 and 8o 

The model was designed and constructed in the l^ho- 
ratories of the MA OA and can "be tested as a s ingl e- eng ine 5 
a t^jin- engine , or a four-enginu tractor monoplane v. Pro- 
vision is also ru^de for various positions of the vjing and 
of the horizontal and vertical tail surfaces. For the 
present series of tests the model >vab arranged as a tTjin- 
engine tractor midwing monoplane having two left-hand 
three-hladc propellers. The thrust line of the propellers 
is coincident ^ith the 'i-^ing chord linco A photograph of 
the model mounted in the wind tunnel is shown in figure 1. 
Figure 2 is a thr ee«- vi ev; drawing giving the important di- 
mensions of the model. A summary of additional character- 
istics of the model follows,- 



T/ing area , sqi.iaie feet * 188 

Wing profiler 

P.oot section. , .... e .0 , NACA 0018 

Tip section IIAOA. 0009 

Moan chord, feet...- 4*95 

Asp ect rat io . . o 0 , o ,.,.>. « ? « 69 

Taper rat io •> 2 :5zl 

Flap deflection, d egr ee s . . e - . - 50 

Propeller diameter, feet... «....e 5.75 

Distance "between propeller shafts, f ee^ . 11.21 

Blade-angle setting at 2l>- inch (0,6.111) 

radius; degrees. . , o c a , • . . 20 

Split t ra il ing- edge flaps 
Cuffs mounted on propellers 

Both the vertical and the horizontal tail surfaces 
were removed for the surveys. The propellers-removed sur- 
voyr- wore made with nacelles "both on and off, "but all the 
propellers-operating surveys were made with nacelles off. 

Tower was supplied to the propellers fTom a 110- 
horsepower automobile engine in the fuselage hy means of 
an automohile transm^iss ion and drive shafts,, An electri- 
cally operated throttle control made it possible to vary 
the engine speed from the test house he] ow the model. 



The R-urveys vieve made vitli a rack of fifteen 3/8-incli 
steel sv-TYBY tnoes (fig. 3) spaced 6 inciios vertically and 
1 foot Ixor i zont ally . Each tube is constrncted in such a 
ray that it measures the total pressure, the stptic pres- 
H cure, th3 p.ngle of pitch, and the angle of yav/ of the lo- 

cal air stream. Simultaneous readings of all the tnoes 
v/ere taken by moans of a multiple-tube -Dhotographie manom- 
eter... The survey tubes rere cal i brat ed\p r io r to the tests. 

The accuracy of the pitch- and yaw-angle measurements 
IS estimated to be approximat cly ±0 . 25° ; dynamic pressure 
mearinrement s arc accurate to within about ±1 percent. 
Check readings were taken frequently during the tests and, 
m general, were found to be in satisfactory agreement 
witn the original readin^-s. Local fluctuations of the 
air stream may be the cause of any discrepancies that are 

ShOTvIU. 

All the surveys were made in the plane of the eleva+or 
hinge lino. Most of the survoys r/ere made over a large 
area, bat some survoys n^ere limited to measurements across 
only the elevator hinge Ijne. The surveys were made for 
propellers-reraoved and propel 1 ors- op era t ing conditions with 
flaps retracted and with flaps deflected 50'^. The ran^e 
of angles of attack of the model included the complete'' 
flight range. i'cr each angle of attack, the thrust of the 
propellers was varied to include both high and low thrust 
cosf f icicnts, accordingly, the thrust at any particul.-r 
angle of attack did not necessarily simulate a possible 
fj.ight condition. Many of the measurements were made at 
very hign thrust coefficients in order to exaggerate the 
eifects of the propeller slipstream. 

, T^^e thrust coefficient was determined as a function 
01 V/niJ for tne flaps-retracted condition and is defined 



a s 



,p _ 5^i.££_^£ve thrust D '• - Dj, 

where both B' and are measured at zero lift coef- 

ficient. Figure 4 shows the variation of prop el ler- thru st 
coefficient with ?/nD. 

Some propellers- operating lift curves that cover the 
range of conditions corresponding to the surveys are shown 
m figures b and 5. 



RESULTS AHD DISCUSSION 



The results of the air -flow surveys are presented in 
figures 7 to 12. Tnc figures show contours of q/ q.^ and 
down^.7ash and sidcwash vectors in the plane of the elevator 
hinge line for various angles of attack. iigure^: 7 through 
10 give the results of the propellers'- removed tests- The- 
results, with nacelles off, for flaps retracted and flaps 
deflected are shovrn in fignreis 7 and 8, respectively; the 
results with nacelles on, for flaps retracted and flaps 
deflected, are given in figures 9 and 10. respectively. 
The results of the tests with propellers operating are 
given in figures 11 and 12 c In the following sections, 
the surveys are disou-ssed with respect to the general na- 
ture of the air flow and the slipstream effects. The ef- 
fecis of the slipstream rotation on the downwash angles 
and the dynamic pressures at the tail are indicated. 



Propeller s-Eemoved Surveys 

Except for the erratic flow near the rear support Just 
below the fuselage, the propell or s- removed surveys (figs. 7 
to 10) demonstrate essentially the characteristics of the 
trailing vortex system discussed in reference 9. i'igure 
10(c), in particular, shows the complete trailing vortex 
sheet including the flap-tip and wing- tip vortices and the 
characteristic deformation of the vortex sheet under the 
influence of the tip vortices. Other than the deformation, 
thore is relatively little rolling up of the vortex sheet; 
that is, the flap-- tip and wing- tip vortices remain in ap- 
proximately the same lateral position as at their origins, 
i'he wake (or region of low dynamic pressure) coincides with 
the vorte.T. sheet (across which the lateral component of 
velocity undergoes an abrupt change). The downwash angles 
above the wake exccecl in magnitude those below the wake. 

A comparison of the downward displacement of the wake 
center from its origin at the trailing edge with the theo- 
retical displacement computed from, the charts of reference 
10 is given in table I. The measured values are in satis- 
factory agreement with the theory. The values of the aver- 
age dynamic-pressure ratio (q/q^)^^ across the span of the 

horizontal tail surface are also included in table I. With 
increasing angle of attack the wing wake rises relative to 
the tail (figs. 9(a) to 9(d)) and crosses the tail at 
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about = 3,2°. for which an^lo the average dynamic- 

pressure ratio at the tail is, ceo rdingly , a minimum. 
The center line of the v/ing wake is always tolow the tail 
^ for the flaps-down condition, progressively approaching 

^ the tail as the angle of attack increases. Nacelles tend 

J, sli^'htly to reduce the dynamic pressure at the tail. 

A comparison of the average downwash angles measured 
at the elevator hinge line with the theoretical values cal- 
culated from the charts of reference 10 is given in tahle 
II. The agreement betreen the measured and the calculated 
aownwash angles is satisfactory (within 1^) for most cases. 
The presence of engine nacelles caused very little chan5:o 
in the downwash angle measured at the tail plane at low" 
angles of attack. At high angles of attack", however, lo- 
cal stalling of the wing in the region of the nacelles, 
as ohservea in tuft surveys, resulted in an appreciable 
decrease in the down^^ash angle at the tail. 



Fropell or s-Opere t ing Surveys 

The propellers-operating surveys (figs. 11 -^.ni 12) 
sho^^ certain characteristic di^Jtortions of the <slip3troam 
f^.nd the air flow in th-3 vicinity of the s 1 i us tream / Inv>3s- 
tig-uions in Germany roportod in r?foronces ,? and 11 
have identified a numb.^r of the factors th-t eroduco these 
effects. Chief among the^o factors if? the splitting, 
by the wing, of the slipstream into t^o parts, which,' 
owing to th^-ir tangential-velocity comoononts, undercTO 
a later-^.l d i placorao n t fro:.a the propeller axis before 
reuniting at the trailing oi.ge. The nonuniform! ty of 
thrust distribution at the propeller disk; the irregular 
lift distribution acro<^s the part of the ^ing iramersoi in 
the slipstreana; and the wing, flap, and fuselage ^^akes may 
be responsible for some aiditional elements of distortion 
of the slip^^tream. 

When the parts of the slipstream that pass abov^? and 
below the wing are about equ^^l. the result of their lateral 
displacement at high thrust is the characteristic ''figure- 
eight" slipstream of figures llCe) to 11(h). For the 
f laps-~def lected condi t ion , owin-p: to the strong uewash in 
front of the win.o.^ most of the slipstream is carried above 
the wing, retaining its nearly circular form and undergoing 
but slight displacement; whereas a small part passes below 
the '^ing and is considerably displaced in the direction of 
its tan£:enti-a velocity. Somewhat similar patterns have 



8 



"boo3i observed (refercncG4) "behind low-wing s ingl e- engine 
monoplanes where the lar:-^cr p?:irt of the slipstream also 
Presses above the win^:. ■ The flap-tip vortex also appears 
to have co r. s idcrabl c inflnenco on the lower part of the 
slipstream. As fis-^res l^(a) to 12(h) show, there is o 
tendency for this part of the slipstream to flow o:itv;ar4 
around the flap tip-vortex, 

Ficrures 12(a) to 12(d) show that, as the i^ngle of 
attach cf the model is increased, there is a progressively 
higher co ncant t ion of thrust on the sic'e of the downgoing 
blade than on the side of th3 upgoing blade. Because the 
thrust is not symmetrically distributed within the propeller 
disk, the slipstream is prcbabl-; not quite symnetricsl even 
at its origin. The dissymmetry of thrust arises from the 
inclination of the propeller ^xtIs to the air stream, which 
causes both the local rolrtive airspeed and the local angle 
of attack to be hi-^hcr on tho side of the downgoing blades 
than on the side of tloe upgoing blades. This effect should 
be greater for the f lap s-def 1 o ct ed than for the flaps- 
retractod condition, tecaiise of tho greater upwfj sh in front 
of the wing. 

For the f lap s- r et r^ict ed condition, the original direc- 
tion of rotation of the slipstream is retained to a large 
extent at the tail. For the flaps-deflected condition, 
hov/ever, the rotation appears in the surve;ys to have re** 
versed in the region of the tail; that is, the downwash 
is greatest behind, the upgoing blades. This reversal ap- 
pears not to have been heretofore described. 

Tho slipstream shapes and the velocity distributions 
ootained in Englamd in iPSa for a very similar model with flaps 
retracted are in remarkably close agreement with the results 
present ed. herein. 

Some qumtitative evaluations of the dynamic pressures 
and downv/ash angles ?re given in the following sections. 

4Z?.L0L£Lj§.--^5Lll'15ll ^-^^^r £s^^^^ ^^^t^-t^Li-Lj-" ^ smuc h as 

the avoraf^:e dynam.ic-pr essure ratio (Q/q.ri) ^ tail 

" av 

plane immersed in the slipstream will vary with the vertical 
location and the span of the horizontal tf»il surface, values 
of the average dynamic-pressure ratio have been computed 
from tho surveys for two horisontal tail surfaces of differ- 
ent span located at three different vertical distances from 
the fuselage center line. The t^-o spans chosen were (l) 
the distance between propeller shafts (approximately the 
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span of the horizontal tail snrface used on this model), 
and (2) the sun of the distance "between the propeller 
shafts and one-- half the propeller diameter.. The verti- 
cal positions chosen were (l) at txie hin^:e line of the 
actual tail tested ^ which 77ill "be referred to hereinafter 
as the ''reference hinge line'': (r?) 6 inches above the 
reference hinge line; and (3) 12 inches ahovo the reference 
hinge line. 'fahle III gives the results of the q/^^ 
measurements averaged across the ccniplete tail sT)ans« 

Some computations of (q./qo)., v/ero made across' each semi- 

a 

span of the horizontal tail surface in order to determine 
the effects of direction of prcpellei rotation- The re-- 
suits showed only small differences in the average dj^namic- 
pressure ratios for the t'^;70 semispans. 

A comparison of the data contained in table III shov.s 

that the averafc;e dynamic-pressure ratio at the tall plane 

changed rapidly with the vertical location of the tall 

plane. The average dynamic-pressure ratio rras greatest 

when measured at the reference hinge line. Measurements 

taken 5 inches and 12 inches above the reference hinge line 

showed progressively smaller fq/q.J values^ Por this 

av 

model, the decrease of (^./Iq) _ with increasing height 

a V 

of the tail results from the position of the slipstream, 
which is mainly below the reference hinge line for all 
condit ions ^ 

Within the 'boundaries of the slipstream, any increase 

in the horizontal-tail span r^ill tend to increase the value 

of (q/qn) measured across the tail sT)an. Above or 
av 

teiow the slipstream boundaries, however, no change in 

{^/^q) can be obtained by further increases in the hori- 
a. . 

zontal'-tail span. The increase of {(±/io)^^ with increas- 
ing tail span for a tail plane immersed in the slipstream 
is relatively sm.all (of the order of 10 percent for the 
two spans considered). Considerations of the effect of 
increasing the hori sent al- tail span on the average down- 
wash angle measured across the tail span, which will bo 
discussed in the next section, may be of somewhat greater 
importance. 

For all cases, the values of (q/q^) at the tail 

a V 

plane when the flaps were deflected 50^ were much lower 
than (q/q^),.^. when the flaps were retract odo A study of 
the propcller-j-operat ing surveys (f igs. 11 and 12) will 
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show that the =:liTD3t reams were displaced farther DelOT/ the 
reference hingo lino v.ith flaps deflected than with flaps 
retracted. As a re^nlt, the tail plane ^as located either 
on the edge of the slipstream or entirely outside the slip- 
stream boundaries vraen the flaps were deflectetic 

The surveys inculcate that, for constant uhrust ccef- 
ficicnt, '/ne vertical position of the center line of^the^ 
slipstreara, relative to the reference hinge line, did not 
remain constant but moved upward toward the reference 
hin^-e line with increasing an^le of attack. Although this 
upvvard displacement of the slipstream center line vva s rel- 
atively small, it was neverthelen^s sufficient to effect 
an appreciable increase in (q/CLo)^., a'c the oail. 

The surveys sho^v that the slipstream- was flattened 
vertically and elongated xiO r 1 -zo nt al iy . inasmuch as the 
lateral boundavie^i of tno slipstre-'-.n were extended, an in- 
creased proportion of the tall-plane area coald lie with- 
in the slipstream in a certain re^^ion of comparatively 
small depth. Y/ithin this region, the dynamic pressure 
approaches or may exceed the theoretical mean value of 

8T 

1 -j. fcr a totally immersed tail plane, laiis condi- 

n 

tion is illustrated in figure 13, 'Ihe plotted points wer^ 
obtained from the measurements taken at the r ef erenc e hin^-^e line 
across the larger of the two horizontal-tail spans. The 
curves of figure 13, for this lowest tail position, m.ost 
nearly correspond to the condition of a tail plane totally 
immersed within the boundaries of a slipstream. 

-^TlT.^&.^jk9JE'^Z.^^^^^ order to indicate the 

effects of slipstream rotation, average downwash angles 
were separately computed for each semispan of the horizon- 
tal tail surfaces. The downwash angles have not been 
weighted according to the variation of local dynamic pres- 
sure across the tail span, inasmuch as a fev; computations 
showed this correction to be relatively slight. The com- 
putations were m.ade for the same spans and the same ver-- 
tical positions discussed in the previous section. fig- 
ures 14 to 19 show the results of these computations. 

When the span of the horizontal tail surface is equal 
to the distance between the center lines of the propeller 
shafts, the right sem.ispan, viewed from the rear, is af- 
fected by the air flow from a downgoing propeller blade; 
whereas the left semispan is affected by the air flow from 
an upgoing propeller blade. Figures 14 to 16 show that, 
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with flaps retracted, the downcyash at the tail on the side 
^ of the do v/ngo i ig blade is increased and that the dotvnwash 
at the? tail on the ^^ide of the iipgoing hlade is decreased. 
From figure 14, a difference of appro xima c ely 7^ dov?nv;ash 
angle was found ^..t the highest value of thruSv coefficient 
^i-Q - As the span of the hori5!ontal tail surface 

^ is extended past the center lines of the propeller shafts, 

this difference is decreased although the average do^n- 
wash angle across the complete horizontal-tail £,pan re- 
uiains approximately constant. It will ai,^o be no c iced 
(figSe 14 to 16; that, with flaps retracted, this differ-- 
ence is greatest at high angles of attack (high C^^) * As 

the angle of attack of the model is increased, a consid- 
erably g.-eater part of the slipstream jet will pass over 
the wing than at lor angles of attack. As a result, less 
of the slipstream rotation will be taken cut and the ef- 
fects of ohe rotation will conseqaently be greater at the 
high angles of attack than at the lovv angles of attack* 
That this effect is not evident for the f laps^def lect ed 
condition raay be dac to the low position of the slipstream 
with respect to the tail. 

A comparjbon of the average dcwnwash angles across 
the semispan of the horizontal tail surface with flaps 
deflected 50^ (figs. 17 to 19) shows that the downwash 
on the side of tbe dov/ngoing blade is considerably less 
fos this condition than the dcwnwash on the side of the 
upgolng blade. At the highest value of thrust coefficient, 
T^^ = 1,300, a difference in e^^. of approximately 10^ 
Was mea.surcd between the two semispans. As for the case 
with flaps retracted, this difference decreases as the 
span of the horizontal tail surface is increaced, although 
the average downwash angle across the complete horizontal- 
tail span remains approxim^^t oly constant. 

The difference between the average downwash angles 
across the two semispans of the horizontal tail s^^rface 
was considerably reduced as the vertical distance of the 
tail plane from the reference hinge line was incrcc.sed. 
Wink flaps retracted; at = IcSOO, a maximum difference 

of 7.0^ was measured at the reference hinge line in com-- 
parison with a maximum difference of 4.2^ measured 12 inches 
above the reference hinge line. TiTith flaps deflected 50° 
at = 1. 300 a maximum difference of 9,"^^ was found at 

the reference hinge line in comparison with a maximum dif- 
ference of 4c 8^ at a height of 12 inches above the refer- 
ence hinge line. Although the difference between the 
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a^orfige do?/n77ash angles across the tuo semispans of tliG 
horizontal tail v/as reduced, the averago downwash anglo 
across the complete tail span was found to chrnge very 
little for the throe vertical locations of the horizontal 
tail considered, 

"Values of the average dov/nv;ash an^;lep. across the 
hoL^i'i^cntal- tail span plotted again:jt model lift coeffi- 
cient are shown in figures 20 and 2] for the flaps- r et ract ed 
and f lap def T ect ed conditions^ respectively. At constant 
lift coefficient the variation of down^vash angle ^uth thrust 
coefficient is sn:ail for most caser. (within 1^0 for "both 
the flaps- ret rac ted and flaps-deflected conditions. 

i'he dowDwash meas ar errent s indicate that, with flaps 
retracted, an improvement in the longitudinal stability 
01 a twin- engine airplane can he obtained by the use of 
cpposiGoly rotating propellers, th'- blades of phich turn 
upu'ard in the middle. In order to utilise the favorable 
slipstream: rotation, the span of "^he horizontal tall sur- 
face should be approximately equal to the distance between 
the t\-vo propeller shaft c« .With flaps deflected, ho\i7evei5 
the use of oppositely rotating propellers, the blades of 
which tarn upward in the middle, may result :.n a loss of 
longitudinal stabil ity . 



CONCLUDISTG REMARKS 



?rom measurements of the air flow in the region of 
the horizontal tail surface of a twin-engino tractor mcno^ 
plane with propellers operating, the following results 
a r e sunma r i z e d . 

1, The presence of the ?7ing behind the propeller 
disk caused a severe distortion of the velocity distribu.-- 
ticn within the propeller slipstream. The silipstream was 
divided into two parts that were displaced laterally and 
therofcre did not reunite into a single circular Jeu. 

2. The average dynamic precsr^re across the hori^iontal- 
tail span changed rapidly with the vertical location of the 
tail with respect to the slipstream, but the average down- 
wash angle changed only slightly with vertical location of 
the horizontal tail surface.. 

I 
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3t For certain cases in T;hich the horizontal tail 
extended acrosr) the center of the slipstream, the average 
dynamic piessure at the tail nas found to exceed the the- 
oretical mean valao of the d^nrmic pressr.re in the slipstream. 

4* The center line of the slipstream rose, relative to 
the tail, with increasing angle of attack .- 

5. With flaps retracted, the dovrnivash on the side of 
the hori'zontal tail surface affected by the upward stroke 
of the propeller hlades Tras less than the dovrnwash on the 
side aifocted by the downv;ard stroke of the propeller blades, 

6. Vov normal ].ocations of the horii:ontal tail surface, 
the distribution of do-n-/ash at the tail vras reversed when 
the flaps neve deflected; that is, the dcwnT/ash was greater 
behind the upgoing blades than behind the downgoing blades. 

?. ^Thc difference between the average dornwash angles 
measured across the tvro semispans of the horizontal tail 
surface with propellers rotating in the same direction was 
reduced when the SGmisp-^'n? were extended past the center 
lines of the propeller snafts; however, the average down- 
wash angle across the complete horizontal tail span remained 
appro xLmat ely constant , 

8« An improvement in the longitudinal stability of 
an a.irpiane with flaps retracted might be obtained by the 
use of oppositely rotating propellers, the blades of which 
turn upward in the middle. 



Langl ey Memorial Aeronaut ical Labo ratory , 

National Advisory Committee for Aeronaut :.cs» 
Langl ey Field, Va. 



14 



EEFEB.E1ICES 



1. Smelt , Pci ard Davies, H. • Estimation of Increase in 

Lift "Due to Slipstream. li . & M. ¥o . 1788, British 
A.R. C. , 1927. 

2, Katzoff, S,: Longitudinal ota"bility and Control with 

Special Iieference to Slipstream Effects. R'^P • 17o . 
690, 13i\CA. 19 4Cc 

So Stuper; J.; Effect of propeller Slipstream on Wing 
ana Tail. T«M. ITo - 87 4', NACA, 1938- 

4. Crcett, Harry J,, and Pass, Ko • "Effect of Propeller 

Oporstion on the Pitching Momonit s of S ing?. Engine 
Monoplanes. KaCA A.CMl-., May 1941. 

5. P'?ss, H» P.o ! Wind-Tunnel Study of the Effects of 

propelle..' Operation and Elap Deflection on the 
Pitching Moments and Elevator Hinge Moments of a 
Single-Sngine pursuit-Type Airplane- M'AOA A.H.Ro, 
July 1942. 

6. DoPrancG, Smith J.; The N.A-C*A. Eull-Scalc Wind 

Tannel. Rep. No- 459, iJACA, 19 33. 

7. Silver stein, Abe, and Hatzoff, S,: Experimental In- 

vestigation of Wind-Tunnel Interference on the 
Downwash "behind an Airfoil. Rep, Ho o 509, HACA, 1937. 

8. Theodorsen, Theodore, and Silverstein, Ate: Experimen- 

tal Verification of the Theory of Wind-Tunnel Bound- 
ary Interference. Rep. Ko . 478, iUCA, 1934. 

9. Silvorstein, iibc , Katzoff, S., and BulD.ivant , Vif. Kenneth: 

Downv/ash and V/ake "behind plain and Flapped Vifings. 
Rep. i\:o. 651, FaCa . 1939. 

10. Silvorstein, Ahe, and Katzoff, S . ])esign Charts for 

predicting DownTvash Angles and Wake Characteristics 

hehind plain and Flapped Wings. Rep. }To . 648, KACA, 
n o ^7 o 

11c Soiess, W.: Uber den Einfluss dcs Luf t schrauhendr ehsinnes 
auf die Langsstabil itat von zwe imo to i igen Elugzeugen. 
Jahrh. 1938 dor deutschen Luf t f ahrtf o rschung , R. 
Oldenbourg (Munich) , pp. 1206- 1219. 



TABLi: I 



LOCATIOI OF WAKI CIITIR LIHI AID VALUES Of THI 
AVIRA0»i4)YMAMIC PRI88URE RATIO AT ELEVATOR HINOl 
LIII WITH PROPELLERS REMOVED 



Con^i t ion 


dm 
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% 

\ m. ; 
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\j 
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12 
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-16 • f 
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33 


30 




16.2 


1.799 


.67 


-11.4 


36 


38 


Haeell«a off; 


-2.3 


-0.160 


.93 


-6.0 


-4 


-3. 
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16.2 
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18 


14 


flaps daflaeted 


2.7 


.800 


.96 


-28.8 


24 
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33 
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l^laXuaa fros referacica 20. 



TABLE II 



COMPARISON OF EXPERIMENTAL AND THEORETICAL 
DOWNWASH ANGLES WITH PROPELLERS REMOVED 



Condi ti on 


(deg) 
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1.765 


3.0 
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Values from reference 10. 



TAELE III 

AVERAGE DYNAMIC -PRESSURE RATIO AT TAIL 
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Figure 1.- Installation of stability model in the NACA 
fxill-scale wind tunnel. 
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Fi Tire Three-view drawinr; of ?t^oility model. Nacelle? off. 
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Figure 17.- Average downwaaii angles arroae semispans of horizontal tail surface at reference hinge line. Flaps deflected 50°. 
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Figure 18.- Average downwash angles across semlspans of horizontal tail surface 6 inches above reference hinge line. 
Flaps aeilected 50". ° 
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Figure 21.- V^ri^t^on of e^v 

for variouf? valv^e?^ of T-» 
Measured '^t reference hinre line; 
flanp deflected 50"^; bt - d. 
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